
UNITED STATES PATENT SPECIFICATION 


TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT, I, Ken j i YONEDA, of Japanese 
Nationality, residing at Saganohaitsu 518, 26 Sagano 
Shibano-cho, Ukyo-ku, Kyoto-shi, Kyoto 616 JAPAN , has 
invented cert ain new and useful impro vements in 

of which the following is a specification, 
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BACKGROUND OF THE INVENTION 

This invention relates to a method of manufacturing a 
lighting unit which is preferably used when a product 
inspection is conducted^by-ffleans-ef reflected light 
emitted by the lighting unit. 

/¥}et4o<£s ftU.hf //#Jffi«f Uf^S <24tXr*>t'n&- 

Ac a m o thod. for pvamin i ng A a surface of a -product -if 
ha^ generally been taowgjthaW product to be examined is 
irradiated / by-H* lighting unit, through ito under oide and 
^4 the I% f lected light is .visually inspected or t akon^a 
photo A in close p roximato /xto the lighting unit. If iJae^e 
exiat-a some unevenness in light intensity on the surface 
•eer-fee- examined, it may happon that / a micro flaw or a 

finishing defect on the surface of the product 'to$o 

puMpi* *j<a«^. Jvu> i bee* — -^re- 
examined is failed to^be r A detected. T hor o f oro TjLn order to 

examine a surface of a product it i^iff^l&pular- to. use a 

lighting unit having such an arrangement that - a plurality 

of illuminantSy such as light -emit ting diodes -ate- placed 

alL-ovee^the underside of the lighting unit "^nd the whole 

underside thereof emits light areally so as to keep the 

light intensity on the surface to be examined even. 

^jjuiially in oaoe tha-t A a product to be examined is three - 

dimensional 1 ^ it is necessary to light up the product to be 

examined from n o t on l y ono direction but aluo ^several 

direct ions/as if to cover the product^ In such a case it 

is uisual to use a lighting unit having ouch an arrangemen t^" 

• t h at t bl under side th e lighting unit^ namely the 

surface which emits light /is a concave face of a hollow 

/ A** 

truncated cone shape and that a plurality of illuminant^ 
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irranged on the concave face . 
However, if a lighting unit has the above-mentioned 
arrangement, in order to place a plurality of illuminants 
all over the underside of the lighting unit, complicated 
5 steps have to be taken, such as%^ process^the underside 
of the lighting unit to form a concave face of a hollow 
truncated cone or a hollow conic, jxT perf orat^a plurality 
of holes on the concave face, pef embed' xlluminants in each 
of the holes respectively, and then t*T wir^ each r>f the 
10 illuminants by hand. Tfers^make^ it difficult fto assemble 
the lighting unit having the above-mentioned arrangement^ 
fch^r^by taking longer time t o dbbeiiible Lhe - li cjl i L iiuj uui lf^ [ 

m cnJL 

This also makes A it difficult to standardize a process of 
manufacturing a variety of lighting units having different 

15. angle^^^ emitting light because every step y such as 

processing the underside of the lighting unit or the angle 
of a hole A porf oratod varies. 

It is an object of the present invention to provide a 
method of manufacturing a lighting unit characterized by 

20 fckec^the lighting unit having ewh an arrangement tha^a 
plurality of illuminants ar^set up on a concave face of a 
hollow truncated cone shape^ can ^easily J?e manufactured. 
SUMMARY OF THE INVENTION 

In order to accomplish the above-mentioned object, the 

25 invention A hac adoptacd the £ollowiiiy- A methody The method of 
manufacturing a lighting unit ir n accordance with tho 
a n v o nt ion comprico ^. the foiiot^Ing steps of holding a 
flexible circular board having a concentric circular hole 
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and a cutout which has at least two sides in a planar 

state, embedding a plurality of illuminants in the board, 

and jointing one side of the cutout and the other side of 

the cutout or holding both sides^'in close contact so as to 

place the illuminants in the side of the concave face. 

With the above-mentioned method, a plurality of 

illuminants can easily be set up on a concave face of the 

hollow truncated cone-shaped board. 

More specifically, the invention is a method of 

manufacturing a lighting unit ch aract e rized by obtaining — 

the lighting U fri^in which a plurality of illuminants are 

arranged on a concave face of a board formed into ^ shape v 

of a hollow truncated cone^sm^^he illuminants are mounted 

on the underside of the lighting unit through the board by 

15 the steps of holding the flexible circular board having a 

concentric circular hole and a cutout A which ha 3- at least 

two sides in a planar state, embedding a plurality of 

illuminants such as light -emit ting diodes or the like in 

the board, and then jointing one side of the cutout and 

20 the other side of the cutout of the board or holding both 
ofy^ cutout- 
sides in close contact. 
A 

In particular, in order to further simplify 
assembling operations, it is preferable to use a printed 
circuit board as the above-mentioned board so that the 
25 operations of wiring each iiluminant^ and embedding each 
illuminant/B in a board can be done at onee*. 

In accordance with the invention, the following 
effects are achieved. 
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It becomes possible to easily set up a plurality of 
illuminants on a concave face of a hollow truncated cone- 
shaped board by the following steps. First, ^^T^^fcrS^^ 
flexible circular printed circuit board having a 
concentric circular hole and a cutout which has at least 


two s ides h in a planar state. Next, ejnb€d a plurality of 

illuminants in the board. Finally, ja±§t one^side of the 

cutout and the other side of the cutodt or hpid both sides A 

^ in close contact so as to place the illuminants in tfr& 

10 side of the concave face. As a result of this, Atr-is-ne^ — 

noc o gca^ to provid e^a complicated process, to . the 

underside of the lighting unit, which make s it -easy-fce-^ [ 

of JUv^ofe 0^4-7^ ao-U — ■ ■ — _ " / 

assemblb A the lighting unit, thereby to shorton^the time ^+4**^^ 

required to assembly In addition / ^Sia^peffli±ti»g yi angle ^N 0 *^ 
15 can easily be changed j--*- - 1 


just by changing & A diameter of af7^^ 
^ A fa tx ^uJtf; A r 
utou^; it is easy to manufacture a 



board or size of jpf cutout^ *w , ^ v 

vanety of lighting units^with various anglepof (SHEfeigg^ 

so ^ g to fit .feo, lights , product "bo^^^e^amined. 

^ ^ . . <W tN^wJ fU- 

If a printed circuit board is used as .4 board, d wiring 

W . A 

20 operation is completed just by embedding the illuminants 
in the board. .Thoa^a^process of assembling the lighting 

=r -4^3 

unit -ars— sompl i f i jod-^because a complicated process such as 

A 

wiring each of the illuminants, can be omitted. 
BRIEF DESCRIPTION OF THE DRAWINGS 

25 The objects and features of the invention may be 

understood with reference to the following detailed 
description of illustrative embodiments of the invention, 
taken together with the accompanying drawings in which; 


Fig. 1 is a cross sectional end view of a lighting 
unit showing a preferred embodiment of this invention, 

Fig . 2 is a front view showing the board on which 
illuminants are mounted prior to assembling ja^the 
5 lighting unit shown in Fig. 1, 

Fig. 3 is a cross sectional end view of a lighting 
unit showing a modification of the preferred embodiment, 
and 

Fig. 4 is a front view showing the board on which 
10 illuminants are mounted prior to assembling 9^the 
lighting unit shown in Fig. 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS f 

An embodiment of the invention will now be described 
below with reference to Fig. 1 and Fig. 2. 

15 As shown in Fig. 1, a plurality of illuminants 1 such 

as light-emitting diodes are arranged on ^underside of a 
lighting unit 4, namely on a concave face 2c of a hollow 
truncated cone-shaped flexible printed circuit board 2 x and^" 
flighting case 3 holds the illuminants 1 together with 

20 the board 2. Power is supplied to each of the illuminants 
1 from a power cable 5 A through the board 2. The lighting 
case 3 is provided with a center hole 32 for visual 
inspection or taking photos A and-s^. frame 33 . £&sr retaining 53 '""' 
the illuminants 1 and the board 2. An internal thread 31 

25 formed in the lighting case 3 is for mounting the lighting 
unit 4 . 

With the above-mentioned arrangement, a method of 
manufacturing a lighting unit in accordance with the 
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invention will now be e^la^ned. First, ho^^l^exible 
printed circuit board 2^ in a planar state. The shape of 
the board 2 is a circle with a concentric / c«=eie hole and 
a cutout having two sides 2a, 2b. Next, ejnJ^ecTthe 
5 illuminants 1^ in the board 2 by m e an s -ofsoldering or 

like. The^ i^i^t^one side 2a of the cutout and the other , 
side 2b of the cutout or keep both sides 2a, 2b. in close 

ft A 

contact so as to place the illuminants 1 in the side of 
^concave face 2c. T£ernjfeke^ board 2 is inevitably 
10 transformed into a shape of a hollow truncated cone and 

the illuminants 1 are set up on the concave face 2c of the 
hollow truncated cone-shaped board 2. At the same time 
vd^ea power cable 5 the board 2 by -means -ef^oldering 
or the like. Finally, mount thuoK formed board 2 and 
15 illuminants 1^ to the lighting case 3 through the frame 33, 
thereby to manufacture the lighting unit 4. 

In accordance with the above-mentioned method of 
manufacturing the lighting unit 4, it is possible to embed 
the illuminants 1 in the board 2 when the board 2 is in a ^ „ , 

20. planar state. Therefore, in this case the same method, can ^o^^lA 
t 4^ M be applied ag^J^he-^ nethod by which ^^ee fcrical pa rte -aro^ — 
- mouafeeu on- an ordinax _p3E^rt^d--ejr£^iii^ board i In addition 
to that, since the printed circuit .board 2 is used as 
x board, w ir ing opGration . can be omitteda j ust by embedding - 
25 >,the illuminants 1 A in the .board 2 by me an s o r s older ing or 
the likei thereby ■ t o ^ s i mp] . ir€y =cb process of assembling the 
lighting unit 4^ When one side 2a of the cutout and the 
other side 2b of the cutout are jointed or both sides 2a, 
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2b y^ re kept in close contact so as to place the 

illuminants 1 in the side of a concave face, the board 2 

is bent and inevitably transformed into arfshape of a 

hollow truncated cone/ whichj makes it easy to arrange the 

5 illuminants 1 on the concave face 2c of the hollow 

truncated cone-shaped board 2. Thus, formed board 2 and 

illuminants 1 are easily mounted to the underside of the 

lighting case 3 through the frame 33. Also, there is no 
fin- 

need o€ processing the lighting case 3 into a shape of f' 
10 concavejof a conic or a truncated cone nor need >f* 

perforating holes^to embed^ illuminants . As shown in Figs. 
3 and 4, a hollow truncated cone shape having an arbitrary t 
size and angle can easily be formed just by changing a 
diameter of the board 2 or a size of at. cutout. In 
15 addition, ^emitting angle can easily be changed just by 
changing the frame 33 tailored to fit the truncated cone 
shape, namely by changing only a part of the lighting 
unit . 

This invention is not limited to the embodiments 
20 described in detail hereinabove. For example, the board 2 
may be a shape of^ellipsoid having a cutout to vary a 
shape of a Surface -emitting l-^gircT 

Moreover, each of the arrangements is not limited to 
that illustrated in the figures and there may be various 
25 modifications without departing from the spirit and 
essential characteristics thereof. 
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ABSTRACT OF THE DISCLOSURE 

An - obje e t of the inv e ntion ic to mako it eaay to 
jnanufacturQ th e lighting unit ^O-n which a plurality of 
llluminants \ are arranged on the concave face of a board 

- ^ formed into ^shape of a hollow truncated cone. V^^^^^'"' 1 

y g^nothod c» git manufacturing a lighting unit comprises - 

the steps of holding a flexible circular printed circuit 
board *t having a concentric circular hole and a cutout 
whioh ha -s^at least two sides 2f\ t — 23b in a planar state, 

L0 embedding a plurality of illuminants the board, and 

jointing one side^al^of the cutout and the other side J 
of the cutout or holding both sides 2^ f i n close 

A 

contact so as to place the illuminants ^ in t£>6^side of 
the concave face of the board 4. 
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